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Craterocapsa tarsodes (Campanulaceae) is one of the
plants used by the Northern Sotho people in an herbal
remedy to treat epilepsy. A phytochemical investigation
of this plant resulted in the isolation of three major sec-
ondary metabolites. By using NMR spectroscopy and
MS spectrometry these three compounds were identi-
fied as the known acteoside (verbascoside), pinocem-
brin 7-β-neohesperidoside and shanzhiside methyl
ester. A literature search revealed that neurosedative
properties are associated with acteoside and that
flavonoids related to pinocembrin interact with benzodi-
azepine receptors. Therefore, the presence of acteoside
and pinocembrin neohesperidoside in C. tarsodes may
account for the use of this plant against epilepsy.
The term ‘epilepsy’ has its roots in a Greek word that means
‘to seize’ or ‘to take hold of’. Epilepsy is not a disease, but a
syndrome of different cerebral disorders of the central nerv-
ous system and it affects approximately 50 million people
worldwide, making it the second leading neurological disor-
der. It is estimated that 25% of the epileptic population have
seizures that are not responsive to available therapies
(Edafiogho and Scott 1996).
There are several reports in the literature on the use of
herbal drugs for the treatment of epilepsy and related disor-
ders (Watt 1967, Iwu 1993). In some instances the activity of
the plants is attributed to the presence of essential oils (De
Barros Viana et al. 2000), whereas in other plants the activ-
ity is associated with the methanol (Ngo Bum et al. 2001) or
aqueous (Gilani et al. 2000) extracts. Although the anticon-
vulsant activity of a number of plant extracts have been con-
firmed in the laboratory, in most cases attempts have not
been made to identify the active compound(s).
As far back as the seventeenth century, a herbal remedy
for treatment of epilepsy was used by the Northern Sotho
ancestors of one of the authors (S Mohoto). The recipe for
this herbal remedy has been passed from generation to gen-
eration and the remedy is still used to treat family members
suffering from this inheritable disorder. The herbal prepara-
tion consists of a mixture of several plants, and we have
started a phytochemical investigation on the individual
species to establish a possible scientific rationale for the use
of the plants. The two plants Craterocapsa tarsodes Hilliard
& B.L. Burtt (Campanulaceae) and Barleria bolusii Oberm.
(Acanthaceae) are important constituents of the remedy. To
our knowledge the use of these two plants for medicinal pur-
poses has not been recorded in the literature on South
African ethnopharmacology (Watt and Breyer-Brandwijk
1962, Hutchings et al. 1996, Van Wyk et al. 1997,
Neuwinger 2000) and the plants are also not mentioned in a
review of African plants used for the treatment of mental dis-
eases (Watt 1967). We now present the first phytochemical
investigation of C. tarsodes and report on the structures of
the major secondary metabolites of this plant.
Materials and Methods
General experimental procedures
NMR spectra were recorded in CD3OD using TMS as inter-
nal standard at 300MHz for 1H and 75MHz for 13C. Chemical
shifts are reported in δ units and coupling constants (J) in
Hz. Analytical HPLC analyses of the crude extracts were
performed on a Phenomenex IB-Sil column (C18 reverse
phase, 5μm particle size, 250mm x 4.6mm internal diameter;
flow rate 1ml min-1; 20μl sample loop). The solvent system
comprised a 30% to 60% linear gradient of methanol in
water over 25min, 3min isocratic, 100% in 2min, 4min iso-
cratic. Detection was by diode array detector, using two
channels (A set at 275 ± 70nm; B set at 365 ± 40nm).
Analytical TLC was carried out on Merck Silica 60 glass
plates using the solvent system EtOAc:MeOH:H2O
(100:20:13.5). Column chromatography was performed with
silica gel 60 (0.040–0.063mm, 230–400 mesh ASTM) with
EtOAc:MeOH:H2O (100:20:13.5) as the eluant.
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Isolation of compounds
C. tarsodes was collected near Pietersburg in the Northern
Province of South Africa. A voucher specimen (8668-010-4),
of which the identity was confirmed by the National Botanical
Institute is housed in the WITS Department of Pharmacy and
Pharmacology. The aerial parts of the plant were air-dried at
room temperature, milled and the milled material (490g)
extracted with methanol at room temperature for 60h.
Evaporation of the solvent yielded a crude brown extract
(29g). Column chromatography (SiO2; EtOAc:MeOH:H2O,
100:20:13.5). of a portion (5g) of this extract resulted in the
isolation of three compounds. The least polar compound,
acteoside (1) (20mg, Rf 0.67) has λmax 331, 288, 246 sh,
220nm; 1H NMR δ 7.58 (1H, d, J 15.9Hz, H-7), 7.04 (1H, d, J
2.1Hz, H-2), 6.94 (1H, dd, J 8.4 and 2.1Hz, H-6), 6.77 (1H, d,
J 8.1Hz, H-5), 6.69 (1H, d, J 2.1Hz, H-2’), 6.66 (1H, d, J
8.1Hz, H-5’), 6.55 (1H, d, J 7.8 and 2.1Hz, H-6’), 6.26 (1H, d,
J 15.9Hz, H-8), 5.17 (1H, d, J 1.5Hz, H-1 Rham), 4.37 (1H,
d, J 7.8Hz, H-1 Gluc), 4.10-3.20 (Carbohydrate-H), 2.79 (1H,
t, J 7.2Hz, H-7’), 1.08 (3H, d, J 6.0Hz, H-6 Rham); 13C NMR
δ 168.2 (C-9), 149.8 (C-3), 147.9 (C-7), 146.8 (C-4), 146.0
(C-4’), 144.6 (C-3’), 131.4 (C-1’), 127.5 (C-1), 123.2 (C-6),
121.2 (C-6’), 117.0 (C-5’), 116.4 (C-2’), 116.2 (C-5), 115.1 (C-
8), 114.5 (C-2), 104.1 (C-1, Gluc), 103.0 (C-1, Rham), 81.6
(C-3, Gluc), 76.2 (C-5, Gluc), 76.0 (C-2, Gluc), 73.7 (C-4,
Rham), 72.3 (C-8’), 72.2 (C-2, Rham), 72.0 (C-3, Rham),
70.5 (C-4, Gluc), 70.4 (C-5, Rham), 62.3 (C-6, Gluc), 36.6 (C-
7’), 18.5 (C-6, Rham). The second compound pinocembrin 7-
neohesperidoside (2) (6.6mg, Rf 0.59) has λmax 330, 285nm;
1H NMR δ 7.49 (2H, dd, J 7.5 and 1.5Hz, H-2’, 6’), 7.39 (3H,
m, H-3’,4’,5’), 6.21 (1H, d, J 2.1Hz, H-6 or 8), 6.13 (1H, d, J
2.1Hz, H-6 or 8), 5.49 (1H, dd, J 12.6 and 3Hz, H-2), 5.24 (d,
J 1.8Hz, H-1”’), 5.10 (1H, d, J H-1”), 3.93-3.0 (10H, carbohy-
drate-H), 3.15 (1H, dd, J 17.1 and 12.6Hz, H-3ax), 2.82 (1H,
dd, J 17.1 and 3 Hz, H-3eq), 1.28 (3H, d, J 6.3 Hz, H-6’”); 13C
NMR δ 197.9 (C-4), 166.5 (C-7), 164.9 (C-5), 164.3 (C-9),
140.1 (C-1’), 129.6 (C-3’,4’,5’), 127.3 (C-2’,6’), 104.8 (C-10),
102.5 (C-1”’), 99.3 (C-1”), 97.9 (C-6), 96.8 (C-8), 80.7 (C-2”),
79.0, 78.9, 78.1 (C-2,3”,5”), 73.9 (C-4’”), 72.2, 72.1 (C-
2”’,3’”), 71.2 (C-4”), 70.0 (C-5’”), 62.3 (C-6”), 44.3 (C-3), 18.3
(C-6”’). The most polar compound, shanzhiside methyl ester
(3) (14mg, Rf 0.32) has λmax 231 nm; 1H NMR δ 7.40 (1H, d,
J 1.2Hz, H-3), 5.56 (1H, d, J 2.7Hz, H-1), 4.63 (1H, d, J
7.8Hz, H-1’), 4.04 (1H, td, J 6.0 and 3.6Hz, H-6), 3.89 (1H,
dd, J 12.0 and 1.8Hz, H-6’a), 3.65 (1H, dd, J 12.0 and 6.0Hz,
H-6’b), 3.37 (1H, t, J 9Hz, H-2’), 3.34 (3H, s, OMe), 3.28 (1H,
t, J 8.4Hz, H-3’), 3.17 (1H, dd, J 8.7 and 8.4Hz, H-4’), 2.99
(1H, br. dd, J 10.2 and 2.7Hz, H-5), 2.62 (1H, dd, J 10.2 and
2.7Hz, H-9), 2.01 (1H, dd, J 13.5 and 6.3Hz, H-7a), 1.83 (1H,
dd, J 13.5 and 6.0, H-7b), 1.25 (3H, s, H-10); 13C NMR δ
169.5 (C-11), 152.6 (C-3), 111.2 (C-4), 99.6 (C-1’), 94.7 (C-
1), 78.9 (C-8), 78.2 (C-3’), 77.8 (C-5’ or 6), 77.4 (C-5’ or 6),
74.5 (C-2’), 71.5 (C-4’), 62.8 (C-6’), 51.9 (C-7), 51.6 (C-9),
49.1 (C-12), 41.3 (C-5), 24.7 (C-10).
Results and Discussion
Craterocaps tarsodes is a mat-forming, perennial herb with
pale blue or white flowers that grows in rocky outcrops and
stony grassland from the Eastern Cape Province in South
Africa to Zimbabwe (Hilliard and Burtt 1973, Pooley 1998).
Extraction of dried plant material with methanol and chro-
matography of the resultant extract yielded three major com-
pounds (Figure 1).
An NMR investigation of the least polar of the three com-
pounds, compound 1, revealed the presence of two carbo-
hydrate moieties (glucose and rhamnose) in the structure.
Apart from the disaccharide two catechol moieties, one
linked to an unsaturated ester (δH 7.58 and 6.26, a pair of
coupled doublets with J=15.9, δC 168.2, 147.8 and 115.1)
and the other to an ethoxy goup (δH 2.79 and 3.3, δC 36.6
and 72.3) were identified. By assembling these fragments,
we could assign the structure of the compound as acteoside
(1). The identity of the structure was confirmed by compari-
son of the NMR data with those given in the literature
(Andary et al. 1982). Acteoside (1), also known as verbas-
coside, is present in many plants and has diverse and inter-
esting pharmacological properties.
The UV spectrum (λmax 330 and 285nm) of the second
compound is characteristic of a flavanone. The presence of
the flavanone aglycone was confirmed by NMR data (H-2: δH
5.49, δC 79.0; H-3: δH 3.15 and 2.82, δC 44.3). The compound
also contains a disaccharide consisting of glucose and
rhamnose moieties. Comparison with NMR data from the lit-
erature (Kutney et al. 1970, Ripperger 1981) prompted us to
assign the structure of this compound as pinocembrin 7-O-
β-neohesperidoside (2).
The most polar compound (3) contains a glucoside moiety
and a C10 aglycone in which an α,β-unsaturated methyl
ester, a tertiary methyl and an acetal methine are present.
The six protons were connected by a COSY experiment
and, taking into account the presence of two hydroxy
groups, these features enabled us to assign the structure as
an iridoid glycoside, the known shanzhiside methyl ester
(Achenbach et al. 1981).
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Figure 1: Compounds isolated from C. tarsodes
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The crude extracts of the aerial parts of C. tarsodes and B.
bolusii were subjected to HPLC analysis (Figure 2). To our
surprise, these plants, which belong to two different families,
show a remarkable resemblance in their constituents.
Acteoside (1) is the major compound in both plant extracts.
Flavanone 2 was also detected in both plant extracts.
Further identification of the metabolites of B. bolusii is cur-
rently underway.
The fact that different plants used for the same purpose in
ethnomedicine contain the same constituents prompted us
to do a literature survey on the biological activity of the com-
pounds isolated from C. tarsodes. Pieretti et al. (1992)
reported that a mixture of acteoside and orobanchoside
(also a phenylpropanoid) significantly prolonged sleep
induced by pentobarbital and affected locomotor activity in
mice. It also produced a slowing of the electroencephalo-
graphic trace and induced, when injected in the lateral cere-
bral ventricle, epileptiform activity in male rabbits. These
effects suggest neuroleptic-like properties for these com-
pounds. Daels-Rakotoarison et al. (2000) found that acteo-
side binds to benzodiazepine, dopaminergic and morphinic
receptors. This may explain the neurosedative properties
attributed to plants such as Ballota nigra.
Although relevant biological data could be found in the lit-
erature for pinocembrin glycosides, it is of interest to note
that several flavonoids have an affinity for the benzodi-
azepine receptors (Medina et al. 1998). Hui et al. (2000)
reported that three flavones (wogonin, baicalin and
baicalein) interacted with the diazepine binding site. In com-
mon with pinocembrin, all three of these flavones contain an
unsubstituted B-ring. No reference to the biological activity
of shanzhiside methyl ester was found in the literature.
Investigations are currently in progress to determine the
biological activity of the crude extract and the major com-
pounds isolated from C. tarsodes.
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